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CHAPTER 2.  FM 3009 FIELD SITE

2.1 GREENFIELD VILLAGE SUBDIVISION, SCHERTZ, TEXAS

The field test site was located in the Greenfield Village Subdivision on FM 3009 in the

City of Schertz, Guadalupe County, Texas.  The subdivision contains twenty-one streets, seven

of which provide access into the subdivision from FM 3009.  The streets entering the subdivision

from FM 3009 include Cherrywood, Cyrus McCormick Street, Eli Whitney, Patrick Henry,

Silvertree, Webster Drive, and Will Rogers Drive.  The subdivision is approximately 850 m long

and extends back 520 m on the west side and 275 m on the east side.  There are 289 residences

in the subdivision.  A layout map of the Greenfield Village Subdivision is presented in Figure

2.1.

Construction to widen and improve FM 3009 in Schertz, Texas, began in 1993 and was

completed in the summer of 1994.  The construction increased the number of lanes on FM 3009

from two to five, including a continuous center-turn lane.  The width of the former roadway’s

pavement averaged 10.7 m, whereas after construction the pavement width was approximately

23 m.  This expansion made significant changes in the proximity of many of the adjacent houses

to the roadway.  For example, one of the houses adjacent to the right-of-way at the Cyrus

McCormick Street entrance was located about 15.2 m from the traffic lanes on the former

roadway.  The new roadway width decreased the distance to 7.6 m.  Figure 2.2 shows the newly

completed roadway and sections of the noise barrier along FM 3009 in the Greenfield Village

Subdivision.

Traffic noise was measured primarily in the residential areas adjacent to FM 3009 from

Webster Drive to Eli Whitney, a distance of approximately 670 m.  Traffic noise measurements

were also conducted on selected residential streets.  Sound level meters were located as close as

8 m from the FM 3009 roadway and at distances into the subdivision entry streets of about 60

m from the roadway.  Typical traffic loads on FM 3009 before widening the roadway were
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approximately 10,000 vehicles/day.1  TxDOT traffic counts derived from midday observations

in August 1993 prior to specifying and constructing the noise barrier were, on average, 490

autos/hr and 35 trucks/hr.  The present-day traffic load on FM 3009 was measured to document

the traffic noise measurements performed during peak traffic conditions occurring in the

mornings and afternoon.  These data, when weighted by a representative 24-hour traffic flow

profile, yielded an estimated daily traffic load of 12,600 vehicles/day (summer 1996).

3000 METERS
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VILLAGE

SUBDIVISION
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DIMROCK
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Figure 2.1 Area map of Greenfield Village Subdivision in Schertz, Texas.
North-south artery is FM 3009.  Traffic signal is at FM 3009
and Elbel Road.

                                                
1 Personal communication with Carl Wenzel, TxDOT, San Antonio District, San Antonio, Texas.
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Figure 2.2(a) North view at Webster Drive Figure 2.2(b) South view at Cyrus McCormick

Figure 2.2(c) Barrier elevation Figure 2.2(d) Barrier structure and surface
difference at Eli Whitney texture

Figure 2.2 Traffic noise barriers on FM 3009 at Greenfield Village Subdivision, Schertz,
Texas (summer 1995)
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2.2 TRAFFIC NOISE BARRIERS

In an effort to reduce the excessive noise caused by increasing traffic on FM 3009 at the

Greenfield Village Subdivision, TxDOT constructed two separate barriers along FM 3009.  The

east side of the subdivision received a 3.7 m high and 460 m long barrier, whereas the west side

received a 4.6 m high and 365 m long barrier.  The effectiveness of the noise barriers was most

beneficial to those residences located immediately adjacent to the roadway, designated as the

“primary receivers.”  Along the east side of FM 3009 there are four street openings with twelve

primary receivers.  The west side of FM 3009 has three street openings with twenty primary

receivers, of which eighteen have rear home entries facing the roadway.  A total of thirty-two

primary receivers are located adjacent to the FM 3009 roadway noise barriers.

There are a total of seven barrier sections established along FM 3009; three are located

on the west side and four are on the east side.  They are situated immediately along the original

right-of-way, since no additional right-of-way was required.  The barriers are not continuous

along the roadway because of the openings required for access into the residential area.  Each

section of the barrier wall is a 10.2 cm thick reinforced masonry  panel approximately 3 m wide;

the wall is built to the required 3.7 m–4.6 m height on a grade beam foundation with drilled shaft

piers.  Each 3-m panel is supported by 0.6-m x 0.6-m vertical pillars set into the concrete

foundation.  Front and back surfaces of the panels are textured and colored for desirable

appearance and good weatherability.
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CHAPTER 3.   COMMUNITY TRAFFIC NOISE OPINION SURVEY

3.1 SURVEY PURPOSE AND SCOPE

The residents of Greenfield Village Subdivision, Schertz, Texas, were surveyed by mail

to gather information on the effectiveness of the traffic noise barrier recently constructed on FM

3009.  The principal purpose of the survey was to determine whether the affected area residents

felt that the noise barrier was beneficial and, specifically, whether the noise disturbances caused

by large trucks were adequately reduced.  The mail-distributed questionnaire, its methodology,

and its response data are presented in Appendix A.

The survey questionnaire contained nine questions designed to elicit the opinions of area

residents with respect to traffic noise annoyances experienced before and after construction of

the barrier.  Figure 3.1 shows the layout of the subdivision, which has a total of 289 residences

(not all shown).  Preliminary review of the 171 opinion survey responses received from these

residences revealed that the significant responses concerning FM 3009 traffic noise came from

those residents living within approximately 180 m of the FM 3009 centerline.  Accordingly, the

community survey was restricted to those residents located within 180 m of the centerline.

3.2 SURVEY RESULTS AND DISCUSSION

The residents located immediately adjacent to the noise barriers on each side of FM 3009

are defined as primary receivers.  All other residences located laterally behind the noise barriers

along FM 3009 and within 180 m of the highway centerline are defined as secondary receivers.

This selected area includes approximately 130 residence addresses with 132 known independent

residents.  In the primary receiver area there are thirty-two residences and known residents.  We

received a total of twenty-five survey replies from this area, representing a 78% response rate.

 In the secondary receiver area there are 98 residences with 100 residents.  We received a total

of sixty-four survey replies from this area, representing a 65% response rate. We received a total

of eighty-nine survey replies from both receiver areas, representing an overall response rate of

67%.

The layout of the Greenfield Village Subdivision shown in Figure 3.1 illustrates the path

of FM 3009, the residential area entry streets, the noise barrier locations, and the locations of
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approximately 130 residences within the 180-m boundary limits.  Figure 3.1 also shows the area

distribution of the receiver responses to the principal question of the survey:  Question No. 6:

Has the barrier reduced the noise of large trucks?  � Yes  �  No.  Sixty-two percent of all the

respondents stated affirmatively that the barrier reduced the noise of large trucks.  Sixty-nine

percent of the primary receiver respondents gave affirmative responses to this question.

Figures 3.2 through 3.6 summarize the receiver responses to the remaining survey

questions.  The opinion responses are presented separately for the primary and secondary

receiver categories. For example, in Figure 3.2 the responses to Question No. 6 show that 69%

of the primary receivers consider the noise of larger trucks to be reduced.  This result is clearly

a positive indication of the effectiveness of the noise barrier, since the primary receivers

experience the greatest impact of the traffic noise.  Although only 36% of the secondary receivers

stated that the noise of the large trucks was reduced, this lower response is also influenced by the

lower subjective impact of traffic noise on receivers located up to 180 m away from FM 3009.

 In these outer areas, the noise of larger trucks may not be noticeably annoying either with or

without the noise barrier.  The affirmative responses of the primary receivers in reply to the other

“yes/no” questions shown in Figure 3.2 indicate that the primary receivers are strongly aware of

the FM 3009 traffic load and that they appreciate the generally beneficial effects of the noise

barrier.  The secondary receiver affirmative responses to these “yes/no” questions are all lower

(by about one-half) than the primary responses, indicating further that a “no” answer may also

imply less awareness of FM 3009 traffic noise as a problem.

Replies to Question No. 3:  Has there been a noticeable increase in the number of trucks

on FM 3009?  �  Same  �  More Medium  �  More Heavy, summarized in Figure 3.3, showed

a consensus that there are now more medium and heavy trucks traveling on FM 3009 than before

the noise barrier was constructed.  The replies to Questions No. 6 (Figure 3.2) and No. 3 (Figure

3.1), in combination, provide good evidence that, even with a perceived increase in truck traffic,

the subjective noise environment in the Greenfield Village Subdivision has been improved

significantly by the barriers.  The favorable responses by both primary and secondary receivers

to Question No. 5 related to the general residential noise environment, as summarized in Figure

3.4 for indoor and outdoor conditions, further support this conclusion.
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Figure 3.1 Residential area of Greenfield Village Subdivision, designating
receiver residences used in the traffic noise opinion survey
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Figure 3.2 Opinion survey “Yes” responses on traffic flow conditions
on FM 3009 Including:1

Question No. 2: Has the amount of traffic on FM 3009 increased?

Question No. 4: Have you noticed a difference in the amount of traffic
noise since the barrier has been in place?

Question No. 6: Has the barrier reduced the noise of large trucks?

Question No. 8: Has the barrier improved the appearance of the residential area?

                                                
1 Complete survey questions are presented in Appendix A, Figure A-1.
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56%

47%

19%

Figure 3.3 Opinion survey responses on traffic flow conditions
on FM 3009 in reference to:2

Question No. 3: Has there been a noticeable change in the number of trucks on
FM 3009?

Answer choices: About the same / More medium-size trucks / More heavy trucks.

For Question No. 7 (Figure 3.5), respondents indicated that traffic noise is most

noticeable during the daytime and evening periods (6:00 a.m.–10:00 p.m.); for Question No. 8

(Figure 3.2), a majority of respondents indicated that the noise barriers have improved the

appearance of the residential area; and for Question No. 9 (Figure 3.6), 68% of the primary

receiver respondents experienced no interruptions in their daily activities as a result of traffic

noise on FM 3009.

The favorable consensus in response to all of the survey questions concerning the traffic

noise barrier on FM 3009 supports the conclusion that the barrier is effective in abating traffic

noise.  Individual write-in comments, also solicited in the survey questionnaire but not analyzed

in detail, provided additional favorable support of this conclusion (see Appendix A).

                                                
2 Complete survey questions are presented in Appendix A, Figure A-1.
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Figure 3.4 Opinion survey responses on traffic flow conditions
on FM 3009 in reference to:

Question No. 5: What effect has the noise barrier had on the traffic
noise around you home? (a) Indoors/(b) Outdoors
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Figure 3.5 Opinion survey responses on traffic noise conditions
in reference to:3

Question No. 7: When is the traffic noise most noticeable?
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Figure 3.6 Opinion survey responses on effectiveness of noise barrier
in reference to:

Question No. 9: Has the traffic  noise on FM 3009 ever annoyed or
interrupted your daily activities?

                                                
3 Complete survey questions are presented in Appendix A, Figure A-1.
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(c) Morning – May 23, 1996
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CHAPTER 5.   DISCUSSION OF RESULTS

5.1 COMMUNITY TRAFFIC NOISE OPINION SURVEY

The opinion survey of residents in the Greenfield Village Subdivision provided a useful

and informative assessment of the traffic noise occurring on FM 3009.  The responses received

from 130 residences in the area represented an exceptional overall survey response rate of 67%.

The response rate from the thirty-two primary receiver residents was even higher at 78%. 

Given that the noise generated by large trucks on FM 3009 was the problem that

prompted the construction of the noise barriers, it was interesting to note that 62 percent of all

respondents and 69 percent of the primary receiver respondents indicated that the barrier reduced

the truck noise.  The positive significance of this result is evident in Figure 3.1, which shows an

obvious correlation of the affirmative survey responses with the locations of the respondents

nearest FM 3009.  Moreover, the positive responses provided by primary receivers in reply to

other survey questions indicated that they are strongly aware of the FM 3009 traffic load and

appreciate the beneficial effects of the noise barrier.  The percentage of favorable secondary

receiver responses to the survey questions was lower than that of the primary responses.  This

result suggests that the “no” secondary receiver answers imply that those residents are less aware

of FM 3009 traffic noise as a problem.

The research team worked at five different residential sites during the field

measurements.  On these occasions, discussions with several primary residents and their

neighbors regarding the traffic noise on FM 3009 clearly confirmed the results of the opinion

survey.

5.2 NOISE INTRUDING THROUGH STREET OPENINGS

Systematic field measurements undertaken at three of the residential street openings into

the subdivision provided a quantitative measure of the reduced effectiveness of the noise

barriers.  Additional field measurements of the insertion loss of a continuous section of the noise

barrier and measurements in an open field without the barrier provided reference conditions by

which the degree of noise intrusion at the street openings could be determined.  The essential
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results of these measurements showed that quantitative measurements and analysis were capable

of depicting the experimental distribution of traffic noise levels in the residential yards and

showed the general influences of site conditions (e.g., parked vehicles, terrain variations, etc.)

on the spatial distribution of the noise.  The measurements on Will Rogers Drive were the most

complete and descriptive of the potential irregularities in the noise distribution patterns caused

by sound obstacles and other local site conditions.  And because this street location also

represented the widest opening in the FM 3009 noise barrier, it therefore characterizes the worst-

case noise intrusion problem in the residential subdivision.

Traffic noise intruding through the street openings is significant in the immediate street

entrance areas at the primary receiver locations.  For example, at locations in the front yards of

the primary receiver residences (approximate setback distance of 12–15 m from the centerline

of Will Rogers Drive), the noise levels are reduced by 6 dB at a distance of 2.5 m behind the

barrier, whereas the noise level at 2.5 m behind the continuous barrier is reduced by 12 dB.  At

the same setback distance but at the midpoint of the primary residence property frontage on Will

Rogers Drive (approximately 20 m inside the street opening), the noise levels in the yards are

reduced by approximately 2.5 dB, as compared with a reduction of 7 dB measured behind the

continuous barrier.  The same relative differences in noise levels were also found at the primary

residences on Cherrywood Street and Cyrus McCormick Street, though the absolute noise levels

on these two streets were about 2 dB lower than those on Will Rogers Drive.

The differing noise barrier opening dimensions, street curvatures, and house structures

on the three entrance streets make detailed comparisons of noise intrusion difficult.  However,

a reasonable comparison is shown in Figure 5.1, which illustrates the measured sound

transmission losses for the six test site locations on FM 3009.  The noise levels for Robert

Derrick Street (continuous barrier), open field (no barrier), and the utility access alley are

interpolated directly from the field data.  The noise levels shown for the three residential entry

streets are interpolated from the noise level distribution contour maps for setback distances of

12–15 m from the centerlines of the streets. In addition to indicating the variabilities associated

with the different test sites, these curves also show realistic noise intrusion trends occurring

among the four openings in the noise barriers.  In particular, the noise reduction effectiveness
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at the street openings is generally 4-6 dB less than that of the continuous barrier at the locations

of the primary residences and their immediate neighbors.  The utility access alley opening, at a

width of only 15–25% of the street openings, has only 2–3 dB less noise reduction than the

continuous barrier.
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Figure 5.1  Traffic noise reduction measured at six locations along FM 3009

The effects of an opening in the noise barrier are dependent on the specific location of

the primary receiver observation point with respect to the end of the adjacent barrier panel that

provides its principal noise abatement.  That is, the noise barrier panel located on the same side

of the entrance street as the primary receiver residence provides the dominant reduction in traffic

noise for that receiver.  The noise barrier panel on the opposite side of the entrance street has

only a secondary influence on the practical noise level observed in the primary receiver yard.

 For the specific conditions on FM 3009, the noise barrier panels on the opposite side of the

street openings provide negligible noise reduction (less than 1 dB) for openings greater than

approximately 9.5 m—an opening width slightly smaller than the actual curb-to-curb widths of

the residential streets.  This is illustrated in Figure 5.2, where computer simulation calculations

were used to characterize street openings ranging from 0 m (continuous barrier) to the actual
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street openings for six different primary receiver locations in the streets where field

measurements were recorded.  The differences in these noise levels are governed primarily by

the specific front yard positions at which the receiver is located with respect to the end of the

adjacent noise barrier. The south side of Cyrus McCormick Street represented the worst-case

condition among all of the street openings tested, a result primarily of the small size of the

primary receiver front yard and of the limited effectiveness of the adjacent noise barrier in

providing noise shielding.  Thus, in assessing the degrading effects of street openings in a noise

barrier, emphasis must be placed on the barrier location relative to the primary receiver residence

position rather than on the width of the street opening, though minimizing the opening width is

generally always beneficial.

5.3 NOISE BARRIER EFFECTIVENESS

The continuous noise barriers located on FM 3009 are presently effective in meeting the

FHWA and TxDOT traffic noise abatement requirements for residential areas.  The 1996 traffic

load occurring on FM 3009 is greatest during the morning and evening rush hours, with typically

1,100 vehicles/hour (including up to 88 heavy trucks/hour).  As traffic density on FM 3009

increases in the future, there will be a concomitant increase in traffic noise in the adjacent

residential areas.  Although the insertion loss provided by the noise barriers will not change, the

subjective effectiveness of the barriers with respect to the 1996 traffic noise as reference will be

reduced as the highway traffic increases.  This decline in effectiveness will be noticed first at the

primary receiver residences located at the residential street openings.  Figures 5.3 and 5.4 help

clarify the traffic noise growth versus traffic density at the street openings onto Will Rogers

Drive and onto Cyrus McCormick Street.  Figure 5.3 shows how sequential doublings of the

traffic density on FM 3009, beginning with the present-day 1996 vehicle flow rate of 1,100

vehicles/hour, shift a given level of traffic noise with respect to the 1996 noise levels.  These

curves show the sound transmission loss at distances up to 40 m into Will Rogers Drive for the

as-built street opening into the residential area.  The measurement line is at a 15-m north offset

distance from the center line of Will Rogers Drive, corresponding approximately to the front
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entrances of the two houses nearest FM 3009.  Figure 5.4 shows similar changes in observed

traffic noise levels at distances of up to 40 m into Cyrus McCormick Street.
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Figure 5.2 Computer model estimates of noise barrier insertion loss in front yards of
primary receiver residences vs. width of barrier opening at entry streets
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5.4 COMPUTER SIMULATION OF NOISE BARRIER PERFORMANCE

5.4.1 STAMINA

The original analysis for the design of the FM 3009 noise barrier was carried out by the

TxDOT San Antonio District using STAMINA 2.0.  STAMINA is the computer program most

commonly used for predicting highway noise attenuation afforded  by a barrier.  It was developed

for the FHWA by the acoustical consulting firm of Bolt, Beranek, and Newman, Inc.  It is

designed to model up to twenty roadways, up to ten barriers, and up to twenty receivers in a

single run.  It creates a data file for use by another program, OPTIMA, which determines the

most effective barrier heights and lengths for the specified geometry.  As many as eight barrier

heights can be modeled using OPTIMA.

STAMINA is also the traffic noise prediction program most commonly used by state

highway agencies, including TxDOT.  Many states, including Texas, have developed input

modules to facilitate the use of STAMINA.  The major limitation of the STAMINA program

stems from the limitations of computer hardware that prevailed at the time of its development.

STAMINA was initially developed for use on mainframe computers, the only computers

available at the time having the necessary computational power.  Because mainframe computer

time was expensive, STAMINA uses only a single frequency of 500 Hz rather than a

representative noise source spectrum.

Highway traffic produces noise in the spectral range of 100 to 4,000 Hz.  Trucks produce

a noise frequency spectrum that differs from that of passenger cars.  The attenuation of sound

and the perceived annoyance of sound are frequency dependent.  The decision (by STAMINA)

to use the single 500-Hz frequency represents a good compromise between the most dominant

traffic noise frequencies and the more annoying lower frequency noise.  However, a single-

frequency analysis has limitations in analyzing specific situations.

Traffic volumes in STAMINA 2.0 are based on design hourly volume (DHV).  Usually,

Level of Service C traffic volumes and associated roadway speeds are used to predict the worst-

case scenario.  From this information, STAMINA 2.0 calculates the equivalent sound pressure
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level Leq (the constant sound level that would deliver the same sound energy as the given time-

varying signal).

Three types of barriers can be modeled in STAMINA 2.0: absorptive, reflective, and

structural.  Other factors used by the model are “alpha factors” and “shielding factors.”  Alpha

factors describe the attenuation effects of hard or soft ground on noise propagation from the

source to the receiver.  Shielding factors account for additional noise attenuation  associated with

hard ground.  When an earth berm is used, the predicted attenuation is increased by 3 dB owing

to its soft-ground properties.

5.4.2 SoundPLAN

SoundPLAN is a very comprehensive computer noise simulation program having several

different modules.  One of the modules uses the same algorithms as STAMINA 2.0 to calculate

traffic noise propagation and noise barrier effectiveness.  The principal noise modeling module

of SoundPLAN differs from STAMINA in that it uses a ray-tracing technique from the roadway

source to the receiver locations.  However, STAMINA and the SoundPLAN ray-trace results are

essentially identical when using the input parameter limitations required by FHWA.

All of the field site test locations on FM 3009 were modeled using the SoundPLAN

traffic noise simulation program.  Although this study was limited in the amount of detail that

could be employed in representing actual field conditions, the derived model results are in quite

close agreement with the field measurements.

The SoundPLAN traffic noise model has the following features:

1. SoundPLAN performs receiver-to-source ray tracing to obtain minimum
propagation path time.  Calculation time versus accuracy optimization is user
defined for grid noise map calculations.

2. SoundPLAN calculates grid receiver points that follow ground topography and
includes user-defined receiver heights.

3. SoundPLAN can calculate up to five building occupancy levels for a single
receiver location.

4. The following parameters are selectable in representing traffic vehicle noise
source conditions: Vehicle numbers, traffic speed, road surface, traffic mix, and
road gradient.
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5. SoundPLAN can calculate multiple reflections for each reflecting surface
specified (barriers, building walls, fences, etc.).  Each reflector may be assigned
a specific absorption coefficient.

6. SoundPLAN can calculate horizontal sound diffraction around vertical barrier
edges and corners of buildings.

The SoundPLAN noise barrier design module has the following features:

1. Barrier optimization is calculated for multiple receiver locations.

2. Barrier dimensions are user defined as barrier panel elements.

3. Barrier element cost is user defined and stored for optimization of the barrier

design, considering the barrier materials and construction costs.

4. Maximum and minimum barrier heights can be defined by the user prior to barrier
optimization.

5. Barrier cost-performance diagrams can be presented for each receiver location.

With the FM 3009 site layout drawings of the three entry streets, the utility access alley,

and a section of the continuous noise barrier at Robert Derrick Street entered into the program,

the traffic noise levels at any of the sound level meter stations could be predicted for various

measured or assumed traffic flow conditions.  Figure 5.5 shows a noise contour map of FM 3009

calculated using SoundPLAN with the prevailing traffic flow conditions and without the noise

barrier.  Figure 5.6 shows a similar noise contour map with the FM 3009 as-built noise barrier

in place.

The predicted sound level meter readings are in reasonable agreement with the

experimental data, considering the simplified site details used in the model.  In particular, the

results for Will Rogers Drive are in very close agreement, insofar as the computer model of this

site corresponds closely with the actual site.  Although SoundPLAN is capable of generating

complete noise level contour maps from prespecified grid layouts, its ability to predict certain

specific noise level readings at the actual microphone stations was considered to be more

representative of the computer model application on this project.



78

Figure 5.5 SoundPLAN model noise levels without barriers
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Figure 5.6 SoundPLAN model noise levels with reflective barrier along FM 3009



80

The SoundPLAN contour maps shown in Figures 4.8, 4.11, and 4.14 of the simulated

noise levels at the entry streets along FM 3009 were produced using the same manual

interpolation procedures applied in contouring the measured noise levels.  In most cases, the

predicted noise levels at the reference microphone station were within ±1 dB of the experimental

values when the observed traffic densities were used in the model.  Comparisons between the

predicted and measured noise levels at greater distances into the entry streets and in the yards of

the houses were within about 1 dB on Will Rogers Drive and on Cherrywood Street.  The ground

elevations on Cyrus McCormick Street available from the FM 3009 site schematic drawings

were not sufficiently detailed to show the actual topography along the street or on the private

properties facing the street.  Consequently, the SoundPLAN predictions were in useful agreement

with the measured noise levels only at the primary residences (accurate to within about 2 dB).

By accounting for the down-slope and lower elevation of the street at distances greater than about

10 m into Cyrus McCormick Street, the predicted noise levels were much lower than the actual

values measured along the street.  A more exact model of ground elevations and the inclusion

of representative reflecting fronts of several of the houses (located on elevated ground) would

be required to properly apply SoundPLAN to the relatively complex local acoustical environment

on Cyrus McCormick Street.

Traffic noise simulations were also computed for comparison with the noise

measurements in the utility access alley and at the continuous noise barrier at Robert Derrick

Street. The predicted sound transmission loss in the narrow, fence-lined alley was precisely

accurate at all but one microphone station for a distance of more than 30 m into the alley. 

Additional predicted values in the backyards of the primary receiver residence and its two

adjacent neighbors were in the range of 58–59 dBA, indicating reasonably low noise levels only

2 dB higher than those observed at similar distances behind the continuous noise barrier.
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APPENDIX  A

TRAFFIC NOISE COMMUNITY OPINION SURVEY
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APPENDIX A

TRAFFIC NOISE COMMUNITY OPINION SURVEY

A.1 Purpose of Opinion Survey

An opinion survey was conducted in the Greenfield Village Subdivision of Schertz,
Texas, to gather subjective viewpoints from the residents on the effectiveness of the recently
constructed traffic noise barrier on FM 3009.  Of primary concern in this survey was the degree
to which the barrier reduced noise disturbances caused by large trucks.  The survey was also
designed to provide information on the degree of traffic noise annoyance experienced before and
after construction of the barrier and to obtain comments on noise barrier effects on the
appearance of the residential area.

A.2  Survey Methodology

The survey questionnaire consisted of eight principal questions developed from similar
published traffic noise investigations (Refs a.2 – a.7)*. The questions were designed to ensure
a high percentage of completed responses and to minimize any bias toward answers that might
be introduced by the way the questions were worded.  The survey concentrated primarily on
barrier performance in mitigating traffic noise.

The survey questions included single and multiple responses.  The single-choice
questions (yes/no) addressed the noise barrier’s effectiveness.  The multiple-choice questions
solicited a wider range of responses and different degrees of opinion.  A specimen of the
finalized questionnaire distributed to the Greenfield Village Subdivision is presented in Figure
A-1.  Questions 2 through 9 in the questionnaire were used in the analysis.

The questionnaires were distributed by mail to the area residents in early March 1996.
 The names and addresses were obtained from the most recent issue of Cole’s Directory (Ref a.1).
Each questionnaire was personalized with the name and address of the resident for data analysis
purposes.  Each resident received a questionnaire, a stamped return-addressed envelope for use
in mailing back the questionnaire by the end of March 1996, and a brief letter explaining the
survey purpose and identifying the UTSA project team members.  Of the 289 questionnaires
mailed to residents, 160 were returned, representing a 55% participation rate.  Follow-up contacts
were made by telephone to those who did not respond to determine whether a second mailing
might improve participation.  Duplicate questionnaires were mailed to sixty residents who agreed
to respond, boosting the final participation to approximately 60%.

                                                
* References appear at the end of Appendix A.
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Figure A.1 Specimen of Community Traffic Noise Survey for Greenfield Village Subdivision, Schertz,

Texas
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A.3  Tabulation and Compilation of Data

Data entry and initial compilation were performed for all of the survey responses.  Upon
examination of the results, the decision was made to narrow the final data analysis to those area
residences located within approximately 180 m of the FM 3009 centerline.  This selected
coverage permitted a more thorough description of the perceived effectiveness of the noise
barrier by these residents most directly susceptible to the traffic noise.  This area was then
subdivided into two categories: primary and secondary receivers.  Primary receivers are the
residences located immediately adjacent to the noise barrier.  Secondary receivers are all other
residences located laterally behind the noise barrier and within a distance of approximately 180
m from the FM 3009 centerline.  Table A.1 lists the breakdown of the percentages of the survey
respondents in both receiver categories and for all residents in the selected area.

Table A.1 Survey Responses by category from Greenfield Village Subdivision, Schertz, Texas

Street Names Number of Houses Ratio of Responses Percentage of Responses
PRIMARY RECEIVERS
Cedarwood 3 2 of 3 67%
Cherrywood 2 2 of 2 100%
Cyrus McCormick 2 2 of 2 100%
Eli Whitney 2 2 of 2 100%
Patrick Henry 1 1 of 1 100%
Robert Derrick 18 14 of 18 78%
Spicewood 3 2 of 3 67%
Will Rogers 1 0 of 1 0%
TOTAL PRIMARY 32 25 of 32 78.13%
SECONDARY
RECEIVERS
Cedarwood 2 2 of 2 100%
Cherrywood 3 0 of 3 0%
Cyrus McCormick 14 4 of 14 79%
Dearborn 8 7 of 8 88%
Eli Whitney 9 5 of 10 50%
Greenwood 19 13 of 20 65%
Henry Ford 8 4 of 8 50%

Patrick Henry 8 6 of 8 75%
Spicewood 8 3 of 8 38%
Webster Drive 11 9 of 11 82%
Will Rogers 8 4 of 8 50%
TOTAL SECONDARY 98 64 of 100 65.31%
TOTAL ALL 130 89 of 132 67.42%
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A standard spreadsheet was used for data entry and compilation (Microsoft Excel  5.0).
 Table A.2 presents the compiled percentage results for each of the chosen eight survey
questions.  This table is divided into primary and secondary receiver category areas, with the
percentages listed by street.  The percentage results for each question were used to create graphs
displaying the distribution of the responses (Figures 3.1 through 3.6 in the text of this report).

The graphs displaying responses to Questions 3, 5, and 7 contain data representing
multiple-answer responses.  The percentages for these responses will not necessarily equal 100%.
 For example, Question 3 (Has there been a noticeable change in the amount of trucks?), with
answer choices of  “Same/ Medium/ Heavy,” had significant responses of both “Medium” and
“Heavy” from many respondents.  The graphic display presents every response indicating
“Medium” and every response indicating “Heavy,” resulting in a final figure that exceeds 100%.
 In addition, Question 7 is supplemented by two composite choices not provided in the
questionnaire.  This is owing to the significant response in multiple-answer choices of “6a.m.–
noon and noon–6p.m.” or  “6p.m.–10p.m. and 10p.m.–6a.m.” In summarizing these data, the
supplemental choices are merged and referred to as “Daytime” and “Nighttime,” respectively.

By including a “Comments” space, the questionnaire provided an opportunity for the
residents to express their opinion on the effectiveness and desirability of the traffic noise barrier.
 Approximately 75% of the residents returned write-in comments.  Thirty-three percent of the
participants commented that the barrier performance exceeded their expectations.  The barrier
was also said to provide secondary benefits not related to noise abatement, including security,
a noticeable decrease in the presence of dust and debris, and improved water drainage. 
Approximately 10% of the write-in respondents stated that they strongly opposed the barrier for
various reasons.  Negative remarks from this group included comments on the wasteful spending
of taxpayers’ money, creation of a prison-like atmosphere, and excessive barrier height.
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APPENDIX  B

TRAFFIC  FLOW  DATA — FM 3009

Appendix B presents traffic flow measured on FM 3009 in reference to the experimental
traffic noise measurements, including the methodology, measurements, and related reference
information.

B.1 Video Traffic Flow Measurement

It was necessary to measure traffic flow on FM 3009 in order to obtain complete
information on the observed vehicle source noise levels and their correlation with the sound level
measurements.  In addition, accurate traffic flow measurements are needed for use in the
computer simulation studies.  An efficient approach to such comprehensive traffic flow
measurements is one based on videotape records of the roadway, which, by suitable replay
observations, can yield accurate counts of vehicles by category (auto, trucks, cycles), lane
locations, direction, and average speeds.  A video camera equipped with a date and time stamp
captioned on the tape also allows the traffic observations to be accurately keyed to the sound
level measurements of interest.  The use of videotape recordings on FM 3009 allowed the traffic
observations to be obtained without requiring us to count the cars and trucks traveling in each
lane. Audio data recorded on the videotapes can be used in recognizing nontraffic noise sources,
such as jet aircraft noise. Although average traffic noise levels are of principal interest, time
synchronization between the video records and the sound level meters is important for accurate
diagnosis of all sources of noise.

The equipment used for  the traffic flow measurements consisted of a video camcorder,
a camera tripod, and videotapes. The video camera was a Panasonic Model AG-188U VHS video
camcorder.  Power for the video camera included a rechargeable battery having an operating life
of approximately 2 hours and an AC adapter.  The videotape was Scotch High Standard T-120
and Kodak Highgrade T-160 extended length.  The video camera operates only at standard tape
speed; therefore, the recording times were 2 hours for T-120 tapes and 2 hours 40 minutes for
T-160 tapes. Playback of traffic flow was performed on a four-head JVC model HR-D720U
VCR.

B.2  Traffic Flow Data

Comprehensive evaluation of traffic flow can be time consuming.  Techniques for
improving the efficiency of viewing the video records include the use of two counting devices
(one for cars and one for trucks) and a variable-speed VCR.  The two counting devices are
employed to ensure an efficient and accurate count of vehicles without shifting vision away from
the video. A variable-speed VCR is useful in reducing the observation time.  To obtain accurate
vehicle counts and to minimize the video observation time, each lane is analyzed for cars and
trucks during separate video replays.
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The traffic flow data in Tables B.1 and B.2 were developed by reviewing the video
records for the times listed in Table B.2.   Table B.1 shows a breakout of selected vehicle counts
and lane occupancy as derived from the video records.  The columns in Table B.1 list the count
of autos (A.1, A.2, A.3, A.4) and the count of trucks (T.1, T.2, T.3, T.4) in each lane. When
observing the Greenfield Village Subdivision from the Live Oak Road intersection to Elbel Road
(south direction), the lanes are numbered (1-4) left to right. The data listed in each column of
Table B.1 represent the projected reference traffic volume (vehicle/hour) for cars and trucks for
use in the SoundPLAN modeling studies. The columns titled “Total Autos” and “Total Trucks”
in Table B.2 list the total projected  traffic volumes (vehicle/hour) for cars and trucks in all lanes
combined. The time intervals  listed in Tables  B.1 and B.2 are time intervals corresponding
directly with the 10-minute recordings of the sound level meters.

Table B.1 Projected reference traffic volume (vehicle/hour) on FM 3009

Street & Date Time A-1 T-1 A-2 T-2 A-3 T-3 A-4 T-4

Cyrus
McCormick

1630-1640 258 18 390 0 318 18 150 0

5/17/96

Will Rogers 0640-0650 198 0 204 0 144 0 372 0

5/20/96

Cherrywood 0644-0654 234 18 222 6 216 0 390 0

5/22/96

Robert Derrick 0713-0723 216 42 246 6 192 0 588 12

5/23/96

Robert Derrick 0910-0920 60 48 150 18 36 0 198 18

5/23/96



101

Table B.2  Projected traffic volume (vehicle/hour)

Street & Date Time Total Autos Total Trucks

Cyrus McCormick 0653-0706 1254 42

5/17/96 0734-0744 1194 66

1630-1640 1116 36

1644-1654 1362 36

1710-1720 1218 30

1722-1732 1350 24

1750-1800 1026 18

1802-1812 1044 18

Will Rogers 0640-0650 918 0

5/20/96 0654-0704 1020 42

0715-0725 1440 78

0728-0738 1194 42

0755-0805 1056 48

0808-0818 1098 24

0830-0840 690 54

Will Rogers 1650-1700 1092 30

5/20/96 1702-1712 1260 42

1725-1735 1128 30

1738-1748 1116 6

1800-1810 900 18

1815-1825 846 0

Cherrywood 0644-0654 1062 24

5/22/96 0710-0720 1362 108

0722-0732 1248 48

0800-0810 1008 66

0813-0823 1104 30

1635-1645 1116 48

1650-1700 1092 54

1715-1725 1290 30

1755-1805 1056 24

1727-1737 1308 42

Robert Derrick 0713-0723 1242 60

5/23/96 0750-0800 1218 48

0811-0821 954 24

0840-0850 630 60

0910-0920 444 84

Total Autos Total Trucks

Average 1096 veh/hr. 39.8 veh/hr
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B.3 Velocity Measurement

The average velocity of vehicles traveling on FM 3009 was derived from the video
records. First, the distance (D) between two visual landmarks on the opposite side of  the
roadway from the camera location was measured.  Second, the distance (Li) from the camera to
the center of the i th  lane was measured.  Third, the distance from the camera to the line
connecting the two landmarks (L) at a point directly on the opposite side of the roadway was
measured. The speed of vehicles traveling in the selected lane is derived from the landmark
distance spacing and the lane geometry described above combined with measurements of the
observed vehicle travel times (t) when traveling between the landmarks in the video records. This
technique is illustrated in Figure B.1. The average vehicle speed is calculated using the formula:

         

t

D*
L
L

=v

i

(Eq B.1)

The distance between the two visual landmarks was selected to be greater than 380 ft. so that the
videotape observations of typical vehicle travel times in lane 4 would be in the range of 4-6
seconds. The average speed of vehicles traveling in the farthest lane (lane 4) were derived in
detail using the method explained above.  The speed of vehicles traveling in the other lanes was
checked and found to be nearly the same as that of vehicles traveling in lane 4. The results of the
average speed determined for vehicles in lane 4 are listed in Table B.3.  The times listed in Table
B.3 correspond with the 10-minute recording times of the sound level meters.

Table B.3  Average  vehicle  velocity  (mph)

Street & Date Time Average velocity
(mph)

Number of vehicles

Will Rogers 0640-0650 50.55 31

5/20/96 0808-0818 53.33 39

1650-1700 56.57 42

1725-1735 54.63 37

Cherrywood 0644-0654 54.18 64

5/22/96 0813-0823 56.95 58

1650-1700 55.12 26

1727-1737 56.03 38
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B.4 Mathematical Model for Vehicle Acceleration Noise

A practical mathematical model of the observed noise generated by an accelerating
vehicle passing a roadside observation point was developed based on several simplifying
assumptions characterizing the vehicle operation and travel path. With reference to Figure B.1,
the model scenario and definition of terms include the following:

(1) A noisy vehicle starts at a traffic signal position (x=0, t=0) from a standing start (v=0) and
advances along a straight line path at a constant acceleration (ao ).

(2)  Three sound level meters (M3, M2, M1) are located at distances x3, x2, x1   from the
traffic signal, with each meter spaced at distance, d3, d2 , d1, respectively, away from the
vehicle path (M3 is closest to the traffic signal).

(3) At each distance, x3, x2, x1 , the vehicle is at the closest point of approach (CPA) to the
respective sound level meter and is assumed to exhibit the maximum observed noise
level at that point.  Times t3, t2, t1, are the reference times for the vehicle pass-by event
at each CPA.

(4) The distance at which the vehicle reaches steady roadway speed is x=xm and the
corresponding time is t=tm.

(5) The time-dependent slant distances between the moving vehicle and each sound level
meter are defined as  R3(t), R2(t), R1(t), respectively.

(6) The time-dependent sound level recorded by each sound level meter is defined as
(t),A (t),A (t),A 123  respectively, and is assumed to obey a spherical-wave geometrical

spreading law.

(7) The reference noise source level of the vehicle at each CPA is  L3, L2, L1, respectively.

(8) An average background noise level of 60.5 dBA (typical of actual field conditions) is
assumed to exist at each sound level meter station during the vehicle observation time
interval.

 The time-dependent speed and position of the vehicle along the straight-line travel path may be
expressed in terms of the acceleration as:

t a = dt a  = v(t) oo
t

0∫ (Eq B.2)

                                    
and
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t a = dt t a  = x(t) 2
oo

t

0∫  (Eq B.3)

                              

Figure B.1 Geometric  layout  and  definition  of  symbols  used  in heavy  vehicle 
acceleration  noise  model

As the vehicle travels from the starting point toward each CPA, the closing distance may be
expressed as:

x(t) - )tx( = (t)D ii         

)t -  t(
2
a = 22

m
o ;  i =1, 2, 3 (Eq B.4)

When the time variable is referenced to the time, ti , at which the vehicle is at the CPA,

 t) - t( 
2
a - t) - t( t a = (t)D 2

i
o

iioi ;  i=1, 2, 3 (Eq B.5)

The general form of the slant distance from the vehicle to the sound level meter is

 (t)D +  d = R 2
i

2
ii ;  i=1, 2, 3 (Eq B.6)

If the vehicle is assumed to travel at accelerating speed toward x = x3 (closest CPA), the velocity
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at CPA is:

t a = v 3o3  (Eq B.7)

Therefore, Equation B.6 is, for ) t  t  0 ( 3≤≤ ,

] )t - t( 
2
a - t) - t( v [ +  d = (t) R

22
3

o
33

2
33  (Eq B.8)

If the vehicle is assumed to continue to accelerate after passing x3  but reaches a final speed, vm ,
before passing the next sound level meter at x2 , the final vehicle speed is:

t a = v mom  (Eq B.9)

where tm= time at which the vehicle reaches final speed.

The slant distance between the vehicle and M3 during this intermediate time interval is,
for ), t  t < t ( m3 ≤

] )t - t( 
2
a - t) - t( v [ +  d = (t) R

22
m

o
3m

2
33   (Eq B.10)

After the vehicle has reached its steady roadway speed, its velocity remains constant as it passes
the second and third sound level meters.  Thus, the slant distance between the vehicle and M3
is, for ) t > t ( m ,

)t) - t( v( +  d = (t) R
2

3m
2

33   (Eq B.11)

In the actual vehicle acceleration noise test performed, the vehicle was noted to reach its final
speed between x3  and x2 .  Therefore, the slant distance equations for M2 and M1 are similar
to those for M3 but involve only the time interval conditions stated for t  t < t m3 ≤   and t > t m  .
 Therefore, the  slant distance equations for M2 and M1, respectively, are:
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For ) t  t  0 ( m≤≤ ,

] )t - t( 
2
a - t) - t( v [ +  d = (t) R

22
2

o
2m

2
22 (Eq B.12)

] )t - t( 
2
a - t) - t( v [ +  d = (t) R

22
1

o
1m

2
11   (Eq B.13)

For ) t > t ( m ,

)t) - t(  v( +  d = (t) R
2

2m
2

22 (Eq B.14)

)t) - t(  v( +  d = (t) R
2

1m
2

11   (Eq B.15)

The time-dependent sound level observed at each sound level meter is expressed by:









(t)R

1
 10 + 10 20 = (t)A

i

20
L

20

60.5

i

i

log  i =1, 2, 3 (Eq B.16)

where the background noise level observed during the actual field tests was 60.5dBA and Li  is
the reference source noise level of the vehicle (dBA at 1 m).
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APPENDIX  C

TRAFFIC  NOISE FIELD DATA — FM  3009
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APPENDIX  C

TRAFFIC  NOISE FIELD DATA — FM  3009

Appendix C presents a complete record of traffic noise field measurements collected on
FM 3009 at Greenfield Village Subdivision, Schertz, Texas.  These records include the position
coordinates of the sound level meter locations, microphone calibration data, and average sound
level readings for each 10-minute noise recording time interval.  The noise readings are
processed to take into account the microphone sensitivity calibrations and to normalize the
average sound levels for noise contour mapping and comparison to each other. 

Tables C.1 through C.6 list the field coordinates for each of the sound level meter
location points.  A secondary coordinate system was devised for convenient layout of the
microphone stations along the residential streets.  The coordinate system used the left curb facing
toward FM 3009 as the reference axis.  Lines perpendicular to this curb were used to locate the
microphone stations and the set-back distances of the houses, garages, fences, etc.  Microphone
stations to the left of the reference curb were given negative coordinates in the x-direction. 
Column headings with an M followed by the letter R or a number between 1 and 3 denote the
reference microphone and the other three microphones.  The columns are subdivided into
coordinate columns and a Metrosonics program data file column.

Table C.7 presents the microphone calibration data.  The first column lists the
microphones, designated by their corresponding serial numbers.  The Metrosonics program data
file numbers are also included in the table.  The sensitivity corrections adjust microphones one
through three to the reference microphone.

Tables C.8 through C.15 list the sound level meter readings by site location, recording
time, microphone calibration adjustment, and sound-referenced normalization adjustment at each
station. The second column, labeled “Reading,” is the raw noise level measurement obtained
from the sound level meter.  The “Calibration Adjustment” column presents the sensitivity
corrections used to adjust readings before normalization.
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Table C.1 Sound  Level  Meter  Positions  and  Data  Files  for Cyrus  McCormick  Street

Street Address Date Time Group M-R M-1 M-2 M-3

(1996) (24-hr) (x,y)(ft)     File (x,y)(ft)      File (x,y)(ft)      File (x,y)(ft)      File

1200 Cyrus
McCormick

May 17 0640 1 (19,0) 517AM
31001

(0,7) 517AM
31004

(40,0) 517AM
31007

(0,37) 517AM
310010

May 17 0652 2 (19,0) 517AM
31002

(19,30) 517AM
31005

(40,0) 517AM
31008

(40,30) 517AM
310011

1204 Cyrus
McCormick

May 17 0730 3 (19,0) 517AM
310013

(19,60) 517AM
310015

(40,60) 517AM
310017

(-11,50) 517AM
310019

May 17 0750 4 (19,0) 517AM
310014

(19,90) 517AM
310016

(40,90) 517AM
310018

(-11,80) 517AM
310020

May 17 1630 5 (19,0) 517PM
31001

(19,120) 517PM
31003

(40,120) 517PM
31005

(-
11,110)

517PM
31007

May 17 1644 6 (19,0) 517PM
31002

(19,142) 517PM
31004

(19,176) 517PM
31006

(-
11,176)

517PM
31008

1205 Cyrus
McCormick

May 17 1710 7 (19,0) 517PM
31009

(65,0) 517PM
310011

(96,8) 517PM
310013

(65,30) 517PM
310015

May 17 1722 8 (19,0) 517PM
310010

(75,69) 517PM
310012

(75,39) 517PM
310014

(65,60) 517PM
310016

1209 Cyrus
McCormick

May 17 1750 9 (19,0) 517PM
310017

(75,99) 517PM
310020

(65,90) 517PM
310023

(65,120) 517PM
310026

May 17 1802 10 (19,0) 517PM
310018

(75,123) 517PM
310021

(65,145) 517PM
310024

(75,159) 517PM
310028

1200 Cyrus
McCormick

July 10 0856 11 (19,0) 710AM
310035

(37,30) 710AM
310037

(19,30) 710AM
310039

(0,30) 710AM
310041

1205 Cyrus
McCormick

July 10 0918 12 (19,0) 710AM
310042

(55,0) 710AM
310044

(55,30) 710AM
310046

(90,0) 710AM
310048

1204 Cyrus
McCormick

July 10 0951 13 (19,0) 710AM
310043

(19,60) 710AM
310045

(37,60) 710AM
310047

(0,65) 710AM
310049
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Table C.2  Sound  Level  Meter  Positions  and  Data  Files  for  Will  Rogers  Street

Street
Address Date Time Group M-R M-1 M-2 M-3

(1996) (24-hr)   
(x,y)(ft)

    File     (x,y)(ft)      File     (x,y)(ft)      File     (x,y)(ft)      File

145 Will
Rogers

May 20 0640 1 (24,0) 520AM
31001

(42,0) 520AM
31003

(20,30) 520AM
31005

(40,30) 520AM
31007

May 20 0654 2 (24,0) 520AM
31002

(0,30) 520AM
31004

(-7,10) 520AM
31006

(39,30) 520AM
31008

May 20 0715 3 (24,0) 520AM
31009

(11,56) 520AM
310012

(-7,66) 520AM
310015

(34,60) 520AM
310018

May 20 0728 4 (24,0) 520AM
310010

(11,86) 520AM
310013

(-7,96) 520AM
310016

(31,90) 520AM
310019

May 20 0755 5 (24,0) 520AM
310021

(11,116) 520AM
310023

(-7,126) 520AM
310025

(31,120) 520AM
310027

141 Will
Rogers

May 20 0808 6 (24,0) 520AM
310022

(11,146) 520AM
310024

(-7,156) 520AM
310026

(31,150) 520AM
310028

May 20 0830 7 (24,0) 520AM
310029

(14,176) 520AM
310032

(-7,186) 520AM
310035

(34,180) 520AM
310038

May 20 0842 8 (24,0) 520AM
310030

(21,206) 520AM
310033

(-7,216) 520AM
310036

(39,210) 520AM
310039

May 20 1650 9 (24,0) 520PM
31001

(59,0) 520PM
31003

(55,30) 520PM
31005

(89,0) 520PM
31007

May 20 1702 10      
    

(24,0) 520PM
31002

(119,21) 520PM
31004

(89,0) 520PM
31006

(119,0) 520PM
31008

May 20 1725 11 (24,0) 520PM
31009

(89,30) 520PM
310011

(207,43) 520PM
310013

(52,60) 520PM
310015

137 Will
Rogers

May 20 1738 12 (24,0) 520PM
310010

(89,60) 520PM
310012

(50,120) 520PM
310014

(50,90) 520PM
310016

May 20 1800 13 (24,0) 520PM
310017

(80,120) 520PM
310021

(50,120) 520PM
310023

(50,150) 520PM
310026

0D\ �� ���� �� ������ ���30

������

�������� ���30

������

�������� ���30

������

�������� ���30

������



112

Table C.3  Sound  Level  Meter  Positions  and  Data  Files  for Cherrywood  Street

Street
Address Date Time Group M-R M-1 M-2 M-3

(1996) (24-hr) (x,y)(ft) File  (x,y)(ft)  File (x,y)(ft)  File (x,y)(ft)  File
1200
Cherrywood May 22 0630 1 (11,0) 522AM

31001
(-19,20) 522AM

31004
(-4,10) 522AM

31007
(30,0) 522AM

310010

May 22 0644 2 (11,0) 522AM
31002

(-19,56) 522AM
31005

(-4,38) 522AM
31008

(30,0) 522AM
310011

May 22 0710 3 (11,0) 522AM
310013

(15,61) 522AM
310016

(15,30) 522AM (30,30) 522AM
310019

1204
Cherrywood

May 22 0722 4 (11,0) 522AM
310015

(15,91) 522AM
310018

(-19,86) 522AM (30,60) 522AM
310020

May 22 0800 5 (11,0) 522AM
310021

(42,90) 522AM
310023

522AM (15,125) 522AM
310026

1206
Cherrywood

May 22 0813 6 (11,0) 522AM
310022

(15,150) 522AM
310024

(-19,123) 522AM (-19,153) 522AM
310027

May 22 0840 7 (11,0) 522AM
310028

(15,76) 522AM
310031

(-19,86) 522AM
310034

(15,99) 522AM
310038

1201
Cherrywood

May 22 0854 8 (11,0) 522AM
310029

(64,14) 522AM
310032

(104,14) 522AM
310035

(49,14) 522AM
310039

May 22 1635 9 (11,0) 522PM
31001

(85,44) 522PM
31004

(62,44) 522PM
31007

(49,44) 522PM
310010

1205
Cherrywood

May 22 1650 10      
    

(11,0) 522PM
31003

(70,75) 522PM
31006

(53,74) 522PM
31009

(85,74) 522PM
310012

May 22 1715 11 (11,0) 522PM
310013

(70,99) 522PM
310015

(53,104) 522PM
310018

(85,104) 522PM
310020

1207
Cherrywood

May 22 1755 12 (11,0) 522PM
310014

(87,105) 522PM
310017

(83,104) 522PM
310019

(85,134) 522PM
310021

May 22 1727 13 (11,0) 522PM
310022

(97,135) 522PM
310024

(83,134) 522PM
310026

(85,164) 522PM
310028

1201
Cherrywood

July 10 640 14 (11,0) 710AM
31009

(30,0) 710AM
310011

(48,0) 710AM
310013

(66,10) 710AM
310015

July10 652 15 (11,0) 710AM
310010

(30,30) 710AM
310012

(48,30) 710AM
310014

(66,45) 710AM
310017

July 10 715 16 (11,0) 710AM
310018

(30,60) 710AM
310020

(48,60) 710AM
310022

(74,75) 710AM
310024

1205
Cherrywood

July 10 727 17 (11,0) 710AM
310019

(30,90) 710AM
310021

(48,90) 710AM
310023

(74,105) 710AM
310025

July 10 750 18 (11,0) 710AM
310026

(30,120) 710AM
310028

(48,120) 710AM
310030

(68,135) 710AM
310032

1207
Cherrywood

July 10 802 19 (11,0) 710AM
310027

(30,150) 710AM
310029

(48,150) 710AM
310031

(68,165) 710AM
310033

1206
Cherrywood

July 10 830 20 (11,0) 710AM
310034

(-20,132) 710AM
310036

(4,132) 710AM
310038

(15,164) 710AM
310040
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Table C.4  Sound  Level  Meter  Positions  and  Data  Files  for the  Utility  Access  Alley

Street
Address

Date Time Group M-R M-1 M-2 M-3

(1996) (24-hr) (x,y)(ft) File (x,y)(ft) File (x,y)(ft) File (x,y)(ft) File

ALLEY May 22 1817 1 (0,0) 522PM
310023

(0,60) 522PM
310025

(0,20) 522PM
310027

(0,40) 522PM
310029

ALLEY May 22 1840 2 (0,20) 522PM
310030

(0,90) 522PM
310031

(0,120) 522PM
310032

(0,150) 522PM
310033

Table C.5  Sound  Level  Meter  Positions  and  Data  Files  for  behind  the  Barrier

Street Address Date Time Group  M-R     M-1   M-2    M-3

(1996) (24-hr)    (x,y)(ft)     File    (x,y)(ft)      File   (x,y)(ft)      File     (x,y)(ft)      File

BEHIND

BARRIER

May 23 0655 1 (0,0,) 523AM

31001

(0,8) 523AM

31004

(0,30) 523AM

31009

(0,60) 523AM

310012

May 23 0713 2 (0,0) 523AM

31002

(0,8) 523AM

31005

(0,30) 523AM

310010

(0,30,10) 523AM

310013

May 23 0750 3 (0,0) 523AM

310015

(0,150) 523AM

310017

(0,90) 523AM

310019

(0,120) 523AM

310021

Table C.6  Sound  Level  Meter  Positions  and  Data  Files  for  the  Open  Field

 Street
Address

Date Time Group M-R M-1 M-2 M-3

(1996) (24-hr) (x,y)(ft) File (x,y)(ft) File (x,y)(ft) File (x,y)(ft) File

 OPEN FIELD May 23 0811 1 (0,0) 523AM
310016

(0,CURB) 523AM
310018

(0,30) 523AM
310020

(0,60) 523AM
310022

May 23 0840 2 (0,0) 523AM
310023

(0,90) 523AM
310024

(0,120) 523AM
310025

(0,150) 523AM
310026

May 23 0910 3 (1854,
CURB)

523AM
310027

(927,
CURB)

523AM
310028

(618,
CURB)

523AM
310030

(309,
CURB)

523AM
310031
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Table C.7  Microphone  Sensitivity  Calibration  and  Data Corrections

MICROPHONE
(SERIAL #)

DATE
(1996)

FILE CALIBRATION (dBA) SENSITIVITY
CORRECTION

MR (#4881) 5-17   AM 31003 102.2 0 dBA

M1(#4873) 5-17   AM 31006 101.6 add 0.6 dBA

M2(#4838) 5-17   AM 31009 102.3 subtract 0.1 dBA

M3(#4874) 5-17   AM 310012 101.8 add 0.4 dBA

MR(#4881) 5-17   PM 310019 102.3 0 dBA

M1(#4873) 5-17   PM 310022 101.5 add 0.8 dBA

M2(#4838) 5-17   PM 310025 101.5 add 0.8 dBA

M3(#4874) 5-17   PM 310029 101.8 add 0.5 dBA

MR(#4881) 5-20   AM 310011 102.2 0 dBA

M1(#4873) 5-20   AM 310014 101.4 add 0.8 dBA

M2(#4838) 5-20  AM 310017 102.1 add 0.1 dBA

M3(#4874) 5-20   AM 310020 102.1 add 0.1 dBA

MR(#4881) 5-20  PM 310031 102.3 0 dBA

M1(#4873) 5-20  PM 310034 101.4 add 0.8 dBA

M2(#4838) 5-20  PM 310037 101.8 add 0.5 dBA

M3(#4874) 5-20  PM 310040 102.0 add 0..3 dBA

MR(#4881) 5-22  AM 31003 102.1 0 dBA

M1(#4873) 5-22  AM 31006 101.3 add 0.8 dBA

M2(#4838) 5-22  AM 31009 102.1 add 0. dBA

M3(#4874) 5-22  AM 310012 102.0 add 0.1 dBA

MR(#4881) 5-22  AM 310030 102.3 0 dBA

M1(#4873) 5-22  AM 310033 101.4 add 0.9 dBA

M2(#4838) 5-22  AM 310037 102.0 add 0.3 dBA

M3(#4874) 5-22  AM 310040 102.1 add 0.2 dBA

MR(#4881) 5-22  PM 31002 102.6 0 dBA

M1(#4873) 5-22  PM 31005 101.6 add 1.0 dBA

M2(#4838) 5-22  PM 31008 101.0 add 1.6 dBA

M3(#4874) 5-22  PM 310011 102.3 add 0.3 dBA

MR(#4881) 5-23  AM 31003 102.2 0 dBA

M1(#4873) 5-23  AM 31008 101.5 add 0.7 dBA

M2(#4838) 5-23  AM 310011 102.1 add 0.1 dBA

M3(#4874) 5-23  AM 310014 102.0 add 0.2 dBA

05������� ���� $0 ������ ����� � G%$

0�������� ���� $0 ������ ����� DGG ��� G%$

0�������� ���� $0 ������ ����� VXEWUDFW ��� G%$

0�������� ���� $0 ������ ����� � G%$

05������� ���� $0 ������ ����� � G%$

0�������� ���� $0 ������ ����� DGG ��� G%$

0�������� ���� $0 ������ ����� VXEWUDFW ��� G%$

0�������� ���� $0 ������ ����� � G%$
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Table C. 8 Sound  Level  Measurements, Cyrus  McCormick (5-17-96 a.m.)

MICROPHONE
STATION

READING (dBA) CALIBRATION
ADJUSTMENT

(dB)

ADJUSTED
READING

(dBA)

NORMALIZE
TO REFERENCE

MICROPHONE   (dB)

NORMALIZED
READING

(dBA)

   1MR 69.9 0.0 69.9 0.0 69.9

   1M1 63.4 0.6 64.0 0.0 64.0

   1M2 69.9 -0.1 69.8 0.0 69.8

   1M3 62.4 0.4 62.8 0.0 62.8

   2MR 70.0 0.0 70.0 -0.1 69.9

   2M1 60.5 0.6 61.6 -0.1 61.5

   2M2 70.0 -0.1 69.9 -0.1 69.8

   2M3 60.9 0.4 61.3 -0.1 61.2

   3MR 70.7 0.0 70.7 -0.8 69.9

   3M1 58.2 0.6 58.8 -0.8 58.0

   3M2 59.1 -0.1 59.0 -0.8 58.2

   3M3 60.2 0.4 60.6 -0.8 59.8

   4MR 71.6 0.0 71.6 -1.7 69.9

   4M1 58.5 0.6 59.1 -1.7 57.4

   4M2 60.8 -0.1 60.7 -1.7 59.0

   4M3 59.1 0.4 59.5 -1.7 57.8
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Table C.9  Sound  Level  Measurements, Cyrus  McCormick (5-17-96 p.m.)
      
MICROPHONE

STATION
READING (dBA) CALIBRATION

ADJUSTMENT (dB)
ADJUSTED

READING (dBA)
NORMALIZE TO

REFERENCE
MICROPHONE

(dB)

NORMALIZED
READING (dBA)

5MR 77.1 0 77.1 0 77.1

5M1 59.9 0.8 60.7 0 60.7

5M2 64.7 0.8 65.5 0 65.5

5M3 60.7 0.5 61.2 0 61.2

6MR 81.8 0 81.8 -4.7 77.1

6M1 78.1 0.8 78.9 -4.7 74.2

6M2 77.1 0.8 77.9 -4.7 73.2

6M3 72.1 0.5 72.6 -4.7 67.9

7MR 76.3 0 76.3 0.8 77.1

7M1 67.4 0.8 68.2 0.8 69

7M2 69.6 0.8 70.4 0.8 71.2

7M3 69.1 0.5 69.6 0.8 70.4

8MR 69.7 0 69.7 7.4 77.1

8M1 56.1 0.8 56.9 7.4 64.3

8M2 56.9 0.8 57.7 7.4 65.1

8M3 54.8 0.5 55.3 7.4 62.7

9MR 69.8 0 69.8 7.3 77.1

9M1 54.7 0.8 55.5 7.3 62.8

9M2 53.9 0.8 54.7 7.3 62

9M3 54.2 0.5 54.7 7.3 62

10MR 68.3 0 68.3 8.8 77.1

10M1 52.1 0.8 52.9 8.8 61.7

10M2 51.6 0.8 52.4 8.8 61.2

10M3 52.6 0.5 53.4 8.8 62.2
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Table C.10  Sound  Level  Measurements, Will  Rogers  (5-20-96 a.m.)
MICROPHONE

STATION
READING

(dBA)
CALIBRATION

ADJUSTMENT (dB)
ADJUSTED

READING (dBA)
NORMALIZE TO

REFERENCE
MICROPHONE (dB)

NORMALIZED
READING (dBA)

1MR 69.6 0 69.6 0 69.6

1M1 68.3 0.8 69.1 0 69.1

1M2 64.7 0.1 64.8 0 64.8

1M3 64.5 0.1 64.6 0 64.6

2MR 71.5 0 71.5 -1.9 69.6

2M1 64.9 0.8 65.7 -1.9 63.8

2M2 65.7 0.1 65.8 -1.9 63.9

2M3 66.6 0.1 66.7 -1.9 64.8

3MR 72.5 0 72.5 -2.9 69.6

3M1 64.4 0.8 65.2 -2.9 62.3

3M2 64.9 0.1 65 -2.9 62.1

3M3 65.8 0.1 65.9 -2.9 63

4MR 70.2 0 70.2 -0.6 69.6

4M1 58.4 0.8 59.2 -0.6 58.6

4M2 60.8 0.1 60.9 -0.6 60.3

4M3 61.3 0.1 61.4 -0.6 60.8

5MR 71.2 0 71.2 -1.6 69.6

5M1 59.3 0.8 60.1 -1.6 58.5

5M2 59.6 0.1 59.7 -1.6 58.1

5M3 60.7 0.1 60.8 -1.6 59.2

6MR 70.5 0 70.5 -0.9 69.6

6M1 57 0.8 57.8 -0.9 56.9

6M2 57.7 0.1 57.8 -0.9 56.9

6M3 58.1 0.1 58.2 -0.9 57.3

7MR 70.6 0 70.6 -1 69.6

7M1 56.7 0.8 57.5 -1 56.5

7M2 57.4 0.1 57.5 -1 56.5

7M3 57.1 0.1 57.2 -1 56.2

8MR 71 0 71 -1.4 69.6

8M1 57.8 0.8 58.6 -1.4 57.2

8M2 58.2 0.1 58.3 -1.4 56.9

8M3 57.6 0.1 57.7 -1.4 56.3
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Table C.11 Sound  Level  Measurements, Will  Rogers  (5-20-96 p.m.)

MICROPHONE
STATION

READING
(dBA)

CALIBRATION
ADJUSTMENT (dB)

ADJUSTED
READING (dBA)

NORMALIZE TO
REFERENCE

MICROPHONE (dB)

NORMALIZED
READING

(dBA)

9MR 70.6 0 70.6 -1 69.6

9M1 68.9 0.9 69.8 -1 68.8

9M2 65.7 0.5 66.2 -1 65.2

9M3 62.9 0.3 63.2 -1 62.2

10MR 70.3 0 70.3 -0.7 69.6

10M1 57.9 0.9 58.8 -0.7 58.1

10M2 58.4 0.5 58.9 -0.7 58.2

10M3 57.1 0.3 57.4 -0.7 56.7

11MR 70.5 0 70.5 -0.9 69.6

11M1 64.4 0.9 65.3 -0.9 64.4

11M2 ----- ----- -----NOT OPERATED----- -----

11M3 65.4 0.3 65.7 -0.9 64.8

12MR 70 0 70 -0.4 69.6

12M1 61.5 0.9 62.4 -0.4 62

12M2 ----- ----- -----NOT OPERATED----- -----

12M3 61.9 0.3 62.2 -0.4 61.8

13MR 69.6 0 69.6 0 69.6

13M1 59.6 0.9 57.8 0 57.8

13M2 59 0.5 59.5 0 59.5

13M3 57.9 0.3 58.2 0 58.2

14MR 68.4 0.9 68.4 1.2 69.6

14M1 50.3 0.5 51.2 1.2 52.4

14M2 55.4 0.3 55.9 1.2 57.1

14M3 55.2 0.3 55.5 1.2 56.7
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Table C.12  Sound  Level  Measurements, Cherrywood (5-20-96 a.m.)
MICROPHONE

STATION
READING

(dBA)
CALIBRATION
ADJUSTMENT

(dB)

ADJUSTED
READING

(dBA)

NORMALIZE
TO REFERENCE

MICROPHONE (dB)

NORMALIZED
READING

(dBA)

   1MR 69.9 0.0 69.9 0.0 69.9

   1M1 59.2 0.8 60.0 0.0 60.0

   1M2 64.5 0.0 64.5 0.0 64.5

   1M3 69.6 0.1 69.7 0.0 69.7

   2MR 70.3 0.0 70.3 -0.4 69.9

   2M1 58.4 0.8 59.2 -0.4 58.8

   2M2 61.2 0.0 61.2 -0.4 60.8

   2M3 69.7 0.1 69.8 -0.4 69.4

   3MR 71.7 0.0 71.7 -1.8 69.9

   3M1 61.5 0.8 62.3 -1.8 60.5

   3M2 ------------- -------------------- --------NOT  OPERATED---- --------------------

   3M3 66.6 0.1 66.7 -1.8 64.9

   4MR 70.0 0.0 70.0 -0.1 69.9

   4M1 56.4 0.8 57.2 -0.1 57.1

   4M2 ------------- -------------------- --------NOT  OPERATED---- --------------------

   4M3 59.3 0.1 59.4 -0.1 59.3

  5MR 71.4 0.0 71.4 -1.5 69.9

   5M1 56.6 0.8 57.4 -1.5 55.9

   5M2 ------------- -------------------- --------NOT  OPERATED---- --------------------

   5M3 54.3 0.1 54.4 -1.5 52.9

   6MR 70.3 0.0 70.3 -0.4 69.9

   6M1 57.4 0.9 58.3 -0.4 57.9

   6M2 ------------- -------------------- --------NOT  OPERATED---- --------------------

   6M3 53.9 0.2 54.1 -0.4 53.7

7MR 69.9 0.0 69.9 0.0 69.9

   7M1 56.6 0.9 57.5 0.0 57.5

   7M2 56.1 0.3 56.4 0.0 56.4

   7M3 56.6 0.2 56.8 0.0 56.8

   8MR 69.9 0.0 69.9 0.0 69.9

   8M1 65.3 0.9 66.2 0.0 66.2

   8M2 63.1 0.3 63.4 0.0 63.4

   8M3 67.7 0.2 67.9 0.0 67.9
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Table C.13 Sound  Level  Measurements, Cherrywood (5-22-96 p.m.)

MICROPHONE
STATION

READING
(dBA)

CALIBRATION
ADJUSTMENT

(dB)

ADJUSTED
READING

(dBA)

NORMALIZE
TO REFERENCE

MICROPHONE (dB)

NORMALIZED
READING

(dBA)

   9MR 70.2 0.0 70.2 -0.3 69.9

   9M1 58.5 1.0 59.5 -0.3 59.2

   9M2 60.2 1.6 61.8 -0.3 61.5

   9M3 61.0 0.3 61.3 -0.3 61.0

   10MR 69.0 0.0 69.0 0.9 69.9

   10M1 56.2 1.0 57.2 0.9 57.1

   10M2 57.9 1.6 59.5 0.9 60.4

   10M3 56.7 0.3 57.0 0.9 57.9

   11MR 69.3 0.0 69.3 0.6 69.9

   11M1 56.2 1.0 57.2 0.6 57.8

   11M2 57.9 1.6 59.5 0.6 60.1

   11M3 60.1 0.3 60.4 0.6 61.0

   12MR 70.8 0.0 70.8 -0.9 69.9

   12M1 52.1 1.0 53.1 -0.9 52.2

   12M2 54.9 1.6 56.5 -0.9 55.6

   12M3 53.2 0.3 53.5 -0.9 52.6

   13MR 69.1 0.0 69.1 0.9 69.9

   13M1 52.5 1.0 53.5 0.9 54.3

   13M2 54.2 1.6 55.8 0.9 56.6

   13M3 56.8 0.3 57.1 0.9 58.0

14MR 72.2 0.0 72.2 0.0 72.2

14M1 60.2 0.8 61.0 0 61.0

14M2 68.9 0.0 68.9 0.0 68.9

14M3 65.3 0.1 65.4 0.0 65.4

15MR 72.2 0.0 72.2 0.0 72.2

15M1 56.7 0.8 57.5 0.0 57.5

15M2 56.1 0.0 56.1 0.0 56.1

15M3 55.5 0.1 55.6 0.0 55.6
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Table C.14 Sound  Level  Measurements, Robert  Derrick (5-23-96 a.m.)

MICROPHONE
STATION

READING
(dBA)

CALIBRATION
ADJUSTMENT
(dB)

ADJUSTED
READING
(dBA)

NORMALIZE
TO REFERENCE
MICROPHONE (dB)

NORMALIZED
READING
(dBA)

   1MR 70.8 0.0 70.8 0.0 70.8

   1M1 58.0 0.7 58.7 0.0 58.7

   1M2 60.9 0.1 61.0 0.0 61.0

   1M3 59.0 0.2 59.2 0.0 59.2

   2MR 70.7 0.0 70.7 0.1 70.8

   2M1 57.3 0.7 58.0 0.1 58.1

   2M2 60.9 0.1 61.0 0.1 61.1

   2M3 66.6 0.2 66.8 0.1 66.9

   3MR 71.0 0.0 71.0 -0.2 70.8

   3M1 59.3 0.7 60.0 -0.2 69.8

   3M2 57.1 0.1 57.2 -0.2 57.0

   3M3 58.5 0.2 58.7 -0.2 58.5

   4MR 70.3 0.0 70.3 0.5 70.8

   4M1 72.7 0.7 73.4 0.5 73.9

   4M2 65.5 0.1 65.6 0.5 66.1

   4M3 63.3 0.2 63.5 0.5 64.0

  5MR 69.5 0.0 69.5 1.3 70.8

   5M1 61.0 0.7 61.7 1.3 62.0

   5M2 60.3 0.1 60.4 1.3 61.7

   5M3 60.1 0.2 60.3 1.3 61.6

   6MR 71.4 0.0 71.4 -0.6 70.8

   6M1 73.6 0.7 74.3 -0.6 73.7

   6M2 75.6 0.1 75.7 -0.6 75.1

   6M3 75.8 0.2 76.0 -0.6 75.4

NOTES: (1)  GR1 - GR3 behind barrier on Robert Derrick Street
 (2)  GR4 - GR6 in open field on FM 3009 opposite Robert Derrick Street test site.
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Table C.15 Sound  Level  Measurements, Cherrywood  (7-10-96 a.m.)

MICROPHONE
STATION

READING
(dBA)

CALIBRATION
ADJUSTMENT
(dB)

ADJUSTED READING
(dBA)

NORMALIZE
TO REFERENCE
MICROPHONE  (dB)

NORMALIZED
READING
(dBA)

   1MR 68.9 0.0 68.9 0.0 68.9

   1M1 68.7 0.7 69.4 0.0 69.4

   1M2 69.7 -0.2 69.5 0.0 69.5

   1M3 63.6 0.0 63.6 0.0 63.6

   2MR 69.5 0.0 69.5 -0.6 68.9

   2M1 62.8 0.7 63.5 -0.6 62.9

   2M2 62.6 -0.2 62.4 -0.6 61.8

   2M3 60.2 0.0 60.2 -0.6 59.6

   3MR 71.0 0.0 71.0 -2.1 68.9

   3M1 59.8 0.7 60.5 -2.1 58.4

   3M2 60.2 -0.2 60.0 -2.1 57.9

   3M3 59.0 0.0 59.0 -2.1 56.9

   4MR 69.9 0.0 69.9 -1.0 68.9

   4M1 57.0 0.7 57.7 -1.0 56.7

   4M2 57.7 -0.2 57.5 -1.0 56.5

   4M3 55.2 0.0 55.2 -1.0 54.2

  5MR 70.9 0.0 70.9 0.0 70.9

   5M1 55.3 0.6 55.9 0.0 55.9

   5M2 55.7 -0.2 55.5 0.0 55.5

   5M3 56.4 0.0 56.4 0.0 56.4

   6MR 70.5 0.0 70.5 0.4 70.9

   6M1 53.5 0.6 54.1 0.4 54.5

   6M2 55.3 -0.2 55.1 0.4 55.5

   6M3 54.1 0.0 54.1 0.4 54.5

    7MR 68.5 0.0 68.5 2.4 70.9

    7M1 54.8 0.6 55.4 2.4 57.8

    7M2 60.2 -0.2 60.0 2.4 62.4

    7M3 58.0 0.0 58.0 2.4 60.4
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Table C.16  Sound  Level  Measurements, Cyrus  McCormick  (7-10-96 a.m.)

MICROPHONE
STATION

READING
(dBA)

CALIBRATION
ADJUSTMENT (dB)

ADJUSTED
READING

(dBA)

NORMALIZE
TO REFERENCE

MICROPHONE  (dB)

NORMALIZED
READING

(dBA)

   11MR 69. 0.0 69.1 0.8 69.9

   11M1 61.5 0.6 62.1 0.8 62.9

   11M2 62.1 -0.2 61.9 0.8 62.7

   11M3 61.4 0.0 61.4 0.8 62.2

   12MR 67.6 0.0 67.6 2.3 69.9

   12M1 66.4 0.6 67.0 2.3 69.3

   12M2 59.9 -0.2 59.7 2.3 62.0

   12M3 59.5 0.0 59.5 2.3 61.8

13MR 66.9 0.0 66.9 3.0 69.9

13M1 55.9 0.6 56.5 3.0 59.5

13M2 57.1 -0.2 56.9 3.0 59.9

13M3 57.5 0.0 57.5 3.0 60.5
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APPENDIX D

R E F E R E N C E S
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